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Flybys - Case 233

fFROM: A. A. VanderVeen

MEMORANDUM FOR FILE

Introduction

Several families of all-ballistic friple-planet
flybys (Earth-Venus-Mars-Venus-Earth) have been found for
launch dates in late 1976 and early 1977. As a composite,
these families offer a mission launch opportunity spanning
one-hundred-sixty days with trip durations ranging from under
six-hundred to over eight-hundred days. While their data are,
as yet, incomplete, preliminary results indicate that the 1977
triple-planet should be considered as a strong candidate mission
for our planetary exploration program. A more complete and
detailed analysis of this mission will be presented in a later
memorandum after additional data has been acquired.

General

The one-hundred-sixty day opportunity is comprised
of four launch windows, which may be designated A, B, C, and
D. Corresponding to each of these windows are two distinct
families of trajectories, one arriving at earth some seventy
days earlier than the other. Let the arrivals be distinguished
by types 1 and 2, so that the elight primary families of purely
ballistic triple-planet flybys found thus far may be uniquely
classified for reference purposes.

Figure 1 shows schematically all eight distinct
families by their dates of planetary encounter. Table 1 gives
the trajectory parameters associated with the beginning and
end of each launch window. It should be understood here that
the window definition is not all-inclusive for each family,
but rather is merely represented by data obtained thus far. The
families are listed in the order of increasing departure date
with early and late earth arrivals tabulated 1in pairs. It
can be seen that a trade-off exists between entry velocity
and trip duration within each launch window. It may also be
noted that distant passages of Venus at its second encounter
are associated with the early arrival type trips. In fact,
the 1976 dual-planet flyby reported in Reference 1 is a special
case of the class A-1 triple-planet flyby, whose earth return
date has been advanced fifteen or twenty days, forcing the
Mars-to-earth legs out of Venus' sphere of influence.
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The earth departure declinations are also gilven in
Table 1 for each family of trajectories. While the class B-1
family offers a relatively "comfortable" mission in terms of
injection velocity, entry velocity, and trip duration, a plane
change would be required out of earth parking orbit in order
to acqulre the outbound asymptote with its high declination.
A curve (Figure 2) has been included to show the minimum plane
change required as a functilon of launch azimuth.

Figure 3 shows a typical mission profile for the family
of class B-2 trajectories. This profile was chosen to illustrate
the symmetry of the 1977 triple-planet flyby opportunity. It

£ 1 1T~
may be observed that each of the legs have transfer angles close

to 180°; i.e., all transfers within this family are bounded

by the steep velocity gradients of the 180° transfer ridges,
which are caused by the mutual inclinations of the planets'
orbits. The symmetry property, along with the condition that
ballistic passages ot the terminal planets' must exist, requires
that the elliptical transfers depart and arrive almost tan-
gentially to the planetary orbits, which condition, in turn,
results in trajectories having low terminal velocities. The
early return families have Venus-earth legs which encounter
earth's orbit non-~tangentially, and hence, the earth arrival
velocities are much higher. The trajectories of each class

of family have symmetry with respect to their Venus-Mars-

Venus transfers. This important property results in trajectory
profiles whose maximum and minimum radial excursions are
bounded by the orbits of Mars and Venus, respectively; thus,
the asteroid belt is avoided.

Figures 4, 5, and 6 provide more detailed information
regarding the asymptotic velocities, encounter dates, and
passage radii associated with family B-2 trajectories. 1In
this family a nominal trajectory was selected for purposes of
study standardization within Bellcomm. It's salient features
are listed in Table 2.

Figure 7 illustrates the trade-off that exists
between "backing up" the launch date and providing a bend-
angle delta-V at the first passage of Venus (to provide a
1.1 radii clearance) for the class C-1 family. It is noted
that beyond JD 244 3200 both the injection delta-V and the
passage delta-V increase rapidly with launch date.

The high earth departure velocities associated with
the D-class trips place these families in a categoty of lesser
interest than the others. However, comparatively short trip
durations may be had, if contingencies force the launch date
to slip into this latest window.
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Summary

A one-hundred-sixty day launch oppcrtunity comprised
of four windows, each having at least ten days duration at
earth, exists in late 1976 and early 1977 to fly by Venus,
Mars, and Venus ballistically. Early and late returns to
earth are possible for each launch window, but higher entry
velocities accompany the early returns.

Missions launched during the first available window
are of long duration; associated with the second window are
high earth departure declinations; passage-distance delta V's
will probably be reguired for missions of the third window;
and high departure velocities (probably prohibitive) are
required for the late launch missions. So a clear-cut choilce
of a "best" mission is not immediately apparent. However, it
is quite likely that small impulses at the flyby planets' can
be made in order to obtaln a trajectory that possesses the
best properties of each family and thereby achieve additional
mission flexibility.

Asteroid protection is of minimum concern for this
mission, since the trajectories do not extend beyond Mars'

orbit. ‘
/é2ZZ?QQQ::L££§¢4éé::*-__—
1013-AAV~-pdm A. A. VanderVeen
Attachments
Reference

Figures 1-7
Tables 1 and 2
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REFERENCE

"Existence of a Favorable 1976 Dual-Planet Ballistic Flyby,"
by H. S. London and A. A. VanderVeen, dated February 14, 1967.



£3521%3p WY UCT.ULTTOSE fSCwA UT "y fOUOChHEr WRTIND T8 ¢Ije

- | ! .
Y i [ e’ L208 gLE” |V ~
i ! jrids 123" JTis S R4 2-q
- N x . T -
th [ Hwge” L2E% 723 l M7
f5¢ . 6018 2" a1€C ceg 722t T-q
= +
iE i £ D ree | e EIEs
eiT” 1 e L geLs [ets Lz STEF ! 12" TC2E 25
} -
Sty fy T i Les GO i3z STEE 12’ 002¢
i ! SIL' 2 095 ° ‘ 0Z/% et L12° LCEE LT 28TE 10
inte T czer _ <15 €z oTee a12° CLTE
651 10071 L2 GOSE Bl TTEE £12* 09TE 2-q
e 62875 LEe iE TT68 LITT £22* STEE 412 5915
9 ” [y n92* GELE L0GE 102°T s1e” LOEE 2 09 gre” 9913 T-d
“HTT 4eetT Leer GHLE LTSGE 6T 652* %2kt 678t ste” 80E
oiT £50°1T £ne” 6ELE 1158 270°1 I grer 60EE Rl cTe” “LOt gy
.00 sLzs e LE 4443 i £16°T 292° EESY 65T a2 3R0€
TTn* jclan] e G2LL £64€ T50°T H12* Lots 51T o1 #L0¢E v
| [EL144
T kd 3 e * it q umyay
wva ! A arig | " ol ary: 4 ooy aLyT NTIIFE =1 ZIva | -~ roputy
{ — _ usumey)
sy o S P !
1AIHEY HIAVE 35¥SSVd SONAA ANODFS _ ZOYSSYE UV HOVESYd SANEA TSI T¥YGEA RIAYI SSYI0
SEITTIWVA AGNTL JUNTId TTAISL LIAT d0 S0ILSTUILOVEVHD
T F1ave
WYXYOWIA DILYWIHIS FLYT ToN124dY ANV FHINNY T ¥ &l
OCGE PP oPL 4bT OvLE b D995 bz oDSE F#Z 0oPE #pz ODES p¥Z OIS 447 00%E #92
SNANIA | - 7 _ SOANIA
P »
HiAWYF | & 7 "~ g ] g 4
o / HLSVT
//,
N
SV Y -4 444

SAZATS LINVIA -TIIIN, LLEF me I0? S TFLVT XFLINIOINT ANVLINY 7




FtrF TO L0 GININTIN FONGYS INFIL
e BE RN M | T_,:.

(S5 Do b

11 TEEE

+

AN SY N

g0

S

1l

r

115

HEH

T

1
11

am
anas

v

e
SRa NN
i

i

b

T
INE

bt

T

T
L

T

e
T

go=t
it

EERaSEE

s

il
1
5
S geesdneaaes

B eames neng)

-
T

1T

juss:
o8s
.

:
i

17
It
T

g

T

e

[,
=

1
7

i,

222
bt




150°
210°

160°
200°

170°
190°

180°

190°
170°

200°
160°

210°
150°

i

/
7

/
£

1
/
4

/

I

RRRNRA

|

I




Bs

)

asuN

v

T

RS S S

S G,

MAEU e

% 10 3

11

i 1
N
) REW

A

=
ot

t
T
1

s
1
i
T

1923

T

+

I
Tty
T

T
T

3t

TT

-

Tt T H EEg agayexnn
I F ASRS s SRagd H t1
5t B 1t uciitliL AT R i gaRSGeEEiaiEe
; T i E A Iz i
1 LOTHT - H } . :
i mepaEny NECRSas R4S Sdasupniy HNH
5 H eyt Hmuumn HLH
FHHHTT NH T H H
T sssiee - : ]
i i E H
1 it i 1] TN §
: H H H HIN hals SRR
T Eahgss: 1 Seast H N SEmans Saaid T
. T TN us 5 i 1
: AR Rasass HIH T HY a8 H HH PP HHT th +
J eIl i ‘ i el ki
F 1 T HH i ARasiisnsasataas TR :
: H E 1 WWH;#V H t H I E R I #'M
r 11 BRISSEENE sNNRNRD T T T
juy aaE =o=dl et = ) 11T ]
1] - H Besanaitad HET i iafafenistisinsl ]
T ' |Bum as T
\w% < wy o A lunff TLU
] daite HHans £ 5 aazttes aEEScapeEiEes - i ]
1 | T 1 A sl T A.\..\.TY anEdel .\.H..\..lx
it = t | t 11 | H{HHH 1 I8s
nngk JUEN T u N W i T 3 sy 117
T £ ik +H HiD i
% i1 8 & VHHI

e

HH T

In ]

1T

jaste
1111

ua:
[

Vou I

It

VELOCITY CONTOURS FOR CLASS B-2 7TRATECTORIES

4

FIg.




i
g

i

e

{v»;;-,.. .

&

-
B

<

]
'

oyt
,},‘:1\ !

o
e

H

j§ nanms

Trphg

T

CLASS B-Z2 PLANETARY ENCQUNTER DATE CONTOURS

5

Fra.




Tt

3y i SIS

£ADI

'

Ny

B

SAGE

F=

TRATECTORY

1

PN AL

METARY

A

O

£/

NG SNene N4

Pieb e

BOGe t

RN

[

It

I
T
T

TR

e
L&l
i1

CLASS B-2 PLANETAERY FASSAGE CONTOUK S

&

FiqG.



ol 82~ 002 6¢E eeqT” 6L/6/1
€011 00.L°6¢€ chee” gL/c2/8
2812 00281 LoxT® 8L/E/T
660°T 006 °g¢g ogee: LL/22/9
06" 85 002 ‘9T ShTe” LL/7€2/T

("¥°d O ‘DaQ) (03S/14) (SOnA) (dYaNETYD)
SNIAVY SSvd *THA AHINT HO HLINTANI-A ALVA

40 *NITOHd

ADYSSYd € ONI

¢ dTdVL

288t hhe

OflE nhe

TTGE i

9TEE hhe

99T¢ fihc

(NVITIOL)

q4Lvd

ygaed

snuap

SIBR

SNUSA

ygaeq

LANVId




AsEAGE |

L

A3

3

Ve

'sj?'

2

4

7Y

Y MLS

i¥.

HEND ANIGLE AV P )

il

— |EARYH DEFRE

pare | T

FARTURET

[RLE PEANE T FL)

ASS C-f FAMIZL

ZA
=]

L

2 ,-,qi’*

Fig. 7



